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Abstract : At present, it is not possible to measuie the magnetic susceptibilities along 
different duections of an anisotropic ci vslal by suspending it freely in a Curie balance In the 
existing method, help of the measurement of anisotropy and/or magnetic susceptibility of 
powdered sample is needed In doing so, two different experimental set-ups are necessary In the 
present paper, a new suspension system has been described where the freely suspended crystal 
can be forced to align with any of its desired directions parallel to the magnetic field. Thus, the 
measurement of magnetic susceptibilities along different directions of the crystal is possible with 
only one experimental set-up
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In  an a n is o tro tic  c ry s ta l, the th ree  p rin c ip a l s u s c e p tib ilit ie s  X i  a °d  X'b cannot 
in d iv id u a lly  be m easured by a C u rie  balance by suspending the crystal free ly . T h e  he lp  o f  
the m easu rem en t o f  an iso tro p y  a n d /o r m ag n e tic  s u scep tib ility  o f  p o w d ered  sam p le  is 
needed.
I t  w o u ld  be usefu l i f  the su scep tib ility  cou ld  be m easured alo ng  any d irec tio n  w e  
desire , esp ec ia lly  a long a ll three d irections (;fr, Xb  w hh the h e lp  o f  one set-up o n ly . T h e  
present w o rk  describes a m ethod w h ich  achieves this.
A lth o u g h  there are o ther m ethods fo r m easuring  the three p rin c ip a l su sceptib ilities  
in d iv id u a lly  [1 ] , but there the three p rin c ip a l d irections m ust be k n o w n . I t  w il l  be show n  
la te r that in the present m etho d  o f  suspension, it is su ffic ie n t i f  w e  k n o w  o n ly  one o f  the  
p rin c ip a l d irections.
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Existing method o f measurement of X  ’
T h e  c ry s ta l is s u sp en d ed  fro m  o n e  a rm  o f  a  m ic ro -b a la n c e  b y  a f ib re  (s i lk  o r  q u a r tz )  a lo n g  
X, in a h o r iz o n ta l m a g n e tic  f ie ld  h a v in g  a g ra d ie n t p e rp e n d ic u la r  to  th e  d ire c tio n  o f  th e  f ie ld  
(F ig u r e  1 ) [2 ] .  T h e  c ry s ta l in  a d d it io n  to  s e ttin g  i t s e l f  w ith  th e  d ir e c t io n  o f  m a x im u m  
s u s c e p tib ility  (s a y  1 a lo n g  H ,  w i l l  e x p e r ie n c e  a  p u ll in  th e  d ire c tio n  o f  th e  g ra d ie n t  o f  th e
Figure 1. Schematic diagram of the miciobalancc (not to scale). 5-Arm of the balance, 
5-stainless steel spindle, 7, 7-Jewels, H, / / -  Biass stands, P- Permanent magnet, C-Current 
hearing coil, A/-Light plane minor, (7-pyrex glass rod, (7-Quartz fibre, 7 -Unspun silk fibre, 
5-5-Copper springs, '/’-Suspension system; iV-Brass base of the balance..
f ie ld  w ith  a fo rc e  p ro p o r t io n a l to  fc -  K n o w in g  the  m a g n itu d e  o f  th is  p u l l ,  X 2 can  
d e te rm in e d . S in c e  th e  fre e ly  su sp en d ed  c ry s ta l w i l l  n e v e r  set i t s e l f  w i th  th e  d ire c t io n  o f  
m in im u m  s u s c e p t ib il i ty  a lo n g  / / ,  it is  n o t p o s s ib le  to  m a k e  m e a s u re m e n ts  a lo n g  th e  
d ire c tio n  o f  m in im u m  s u s c e p tib ility  w ith  th is  b a lan ce .
T o  d e te rm in e  Xi anc* th e re fo re  w e  n eed  tw o  e x p e r im e n ta l se t-u p s .
I .  A  s e t-u p  fo r  the  m e a s u re m e n t o f  w ith  C u r ie  b a la n c e .
I I .  A  s e t-u p  fo r  the  m e a s u re m e n t o f  a n is o tro p y  A% b y  K ris h n a n 's  m e th o d .
Description of the new suspension system :
T h e  s u s p e n s io n  sys te m  is s h o w n  in  F ig u re  2  (a  a n d  b ). In  F ig u r e  2 ( a ) ,  A a n d  B a re  tw o  
te f lo n  p ie c e s  c u t  in  th e  fo r m  o f  sq u ares  h a v in g  f in e  h o le s  a t th e  c e n tre s . A  g la s s  ro d  is  
in s e rte d  th ro u g h  th e  h o le  o f  A as s h o w n  in  the  f ig u re  an d  th e n  f ix e d  b y  a ra ld ite  o r  d e n ta l 
c e m e n t. T h ro u g h  th e  h o le  o f  B , a g lass  c a p illa ry  is in s e rte d  so th a t it  d o es  n o t g o  o u t  o f  th e  
o th e r  fa c e , as s h o w n  in  th e  f ig u re . T h e  s iz e  o f  th e  c a p il la r y  s h o u ld  b e  s u c h  th a t th e  ro d  
th ro u g h  A ca n  pass th ro u g h  it  a n d  c a n  be f ix e d  b y  q u ic k - f ix  o r  th e  l ik e .  B c an  b e  s e p a ra te d
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f ro m  A  b y  u s in g  a  s o lv e n t  (a c e to n e  etc.) w h ic h  w i l l  n o t d is s o lv e  a ra ld ite  o r  d e n ta l c e m e n t  
etc. W it h  th e  h e lp  o f  a ro ta tin g  h ead  p ro v id e d  w ith  a v e rn ie r  s c a le , B  can  be  ro ta te d  w ith  
respect to  4  an d  f ix e d  in  an y  p o s itio n  w e  d e s ire . A  v e ry  s tab le  an d  h ig h ly  a n is o tro p ic  c ry s ta l
I - ^ - g l a s s  p o d
G R A P H I T E
c r y s t a l
T E F L O N  a
A S S  C A P I L L A R Y  
F l O N ’ B'
Figure 2. Suspension system
t e f l o n  'ft* 
c r y s t a l
(b)
w ith  la rg e  s u s c e p t ib il i ty  a lo n g  o n e  d ire c t io n  w i l l  b e  n e c e s s a ry  a t th is  s tag e . W e  h a v e  
c h o s e n  g ra p h ite  a d ia m a g n e tic  c ry s ta l fo r  th is  p u rp o s e  {%\\ =  ~  2 2 .5  x  10"6 cgs  e m u  a n d  
Z i -  ~  0 .5  x  10**6 cgs e m u ). T h e  g ra p h ite  c ry s ta l is f ix e d  o n  o n e  s id e  o f  th e  sq u are  te flo n  A 
(F ig u r e  2 a )  so th a t w h e n  su sp en d ed , the  basal p la n e  o f  th e  g ra p h ite  c ry s ta l re m a in s  v e r t ic a l.  
W h e n  m a g n e t ic  f ie ld  is a p p lie d , th e  c ry s ta l sets i ts e l f  w ith  th e  basa l p la n e  p a ra l le l to  th e  
m a g n e tic  f ie ld .
T h e  w h o le  su sp en s io n  system  ( te f lo n  A  +  g ra p h ite  +  te f lo n  B) is su sp en d ed  in  such a  
w a y  th a t B  lie s  at th e  c e n tre  o f  the  re g io n  o f  th e  f ie ld  g ra d ie n t. W it h  the  m a g n e tic  f ie ld  o n , 
th e  c u r re n t  C x th ro u g h  th e  c o il  re q u ire d  to  b a la n c e  the  p u ll on th e  su sp e n d e d  s y s te m  is  
n o te d . T h is  is r e p e a te d  f o r  d i f f e r e n t  m a g n e t ic  f ie ld s . A  s ta n d a rd  s u b s ta n c e  ( f o r  
p a ra m a g n e t ic  s u b s ta n c e  G d 2C ^, a n d  fo r  d ia m a g n e tic  su b s ta n c e  K C 1 )  w h o s e  m a g n e t ic  
s u s c e p tib ility  is k n o w n , is th en  suspend ed  by a sep ara te  f ib re  in  such a w a y  th a t it lie s  in  th e  
s a m e  p o s it io n  o f  th e  g ra d ie n t  o f  th e  m a g n e t ic  f ie ld  as B  o f  th e  a fo re s a id  s y s te m . T h e  
b a la n c in g  c u r re n t  c o r re s p o n d in g  to  d i f f e r e n t  m a g n e t ic  f ie ld s  is n o te d  fo r  th e  s ta n d a rd  
s a m p le . T h e  b a la n c in g  sys tem  is n o w  c a lib ra te d .
T h e  c ry s ta l 5 w h o s e  s u s c e p tib ility  a lo n g  a p a r t ic u la r  d ire c tio n  a\ is re q u ire d , is th en  
f ix e d  to  o n e  s id e  o f  B  so th a t a x lie s  in  the  h o r iz o n ta l p la n e . B  is n o w  ro ta te d  w ith  resp ec t to  
A  in  such  a w a y  th a t is p a ra lle l to  th e  basal p la n e  (i.e. 1  to  c -a x is )  o f  g ra p h ite .
T h e  c h o s e n  g ra p h ite  c ry s ta l s h o u ld  h a v e  s u f f ic ie n t ly  la rg e  m ass  w ith  resp ec t to  th a t  
o f  th e  s a m p le . T h e  su sp en s io n  system  ( A  +  B  +  g ra p h ite  +  s a m p le  s ) w h e n  suspend ed  in  th e  
m a g n e t ic  f ie ld  w i l l  th e n  set i ts e l f  w ith  th e  basa l p la n e  o f  g ra p h ite  p a ra l le l to  th e  m a g n e tic  
f ie ld  i.e ., th e  d ire c tio n  o f  a j p a ra l le l to  th e  m a g n e tic  f ie ld . W it h  th e  m a g n e tic  f ie ld  o n , th e  
c u r re n t  C 2 r e q u ire d  to  b a la n c e  th e  p u ll  is n o te d . T h e n  Q  ±  C 2 w i l l  g iv e  th e  v a lu e s  o f  
b a la n c in g  c u rre n t  ( i \ )  re q u ire d  fo r  s a m p le  s o n ly . T h e n  the s u s c e p tib ility  XK *n d ire c tio n  
ai is c a lc u la te d  u s in g  th e  e q u a tio n
Xs =  Xo m ,
(1)
w h e re  m0 -  m ass o f  s ta n d a rd  s a m p le ,
ia -  b a la n c in g  c u rre n t fo r  s tan d ard  s a m p le ,
X , -  s u s c e p tib ility  o f  the s tandard  s a m p le ,
m s -  m ass o f  the c ry s ta l,
i s -  b a la n c in g  c u rre n t fo r  c ry s ta l,
Xs -  s u s c e p tib ility  o f  c ry s ta l.
T h e n  b y  ro ta tin g  B> th e  o r ie n ta tio n  o f  th e  c ry s ta l .v is c h a n g e d  w ith  resp ec t to  basa l p la n e  o f  
g ra p h ite  so th a t a n o th e r  d ire c tio n  say a2 is n o w  p a ra lle l to th e  m a g n e tic  f ie ld .  T h is  w i l l  
e n a b le  us to  m e a s u re  th e  m a g n e t ic  s u s c e p t ib ili ty  o f  c ry s ta l s a lo n g  a 2. S im i la r ly ,  th e  
m a g n e tic  s u s c e p tib ility  o f  c ry s ta l s can  b e  d e te rm in e d  in  a n y  d ire c tio n .
The advan tage o f  the pro p o sed  m ethod  over the existing m ethods :
T h e  m a g n e t ic  s u s c e p t ib il i t ie s  in  a ll  th e  d ire c t io n s  can  b e  d e te rm in e d  w ith  o n ly  o n e  
e x p e r im e n ta l s e t-u p . A  c o r r o l la r y  to  th is  fac ' is th a t in  case w e  can  id e n t i fy  o n e  o f  th e  
c ry s ta llo g ra p h ic  a xes  o n ly , w e  can  d e te rm in e  the  p r in c ip a l s u s c e p tib ility  n o n -d e s tru c t iv e ly  
a lo n g  a ll th re e  d ire c tio n s  e v e n  i f  th e  s u s c e p tib ility  a lo n g  th e  id e n t if ie d  d ire c tio n  is not a 
m a x im u m .
F o r  te s t in g  th e  in s t r u m e n t  w e  h a v e  ta k e n  a c r y s ta l N i S 0 4.7 H 2 0 , w h o s e  
s u s c e p tib ilit ie s  are  k n o w n  and th e  a v e ra g e  s u s c e p tib ility  o f  the  th ree  p r in c ip a l d ire c tio n s  are  
g iv e n  a t ro o m  te m p e ra tu re  [3 ] .  T h is  s a m p le  is p a ra m a g n e tic , so w e  h a v e  ta k e n  G d 20 3 as 
s ta n d a rd  s a m p le . T h e  b a la n c in g  c u rre n t re q u ire d  fo r  G d 20 *  at d if fe re n t  m a g n e tic  f ie ld s  w e re  
o b s e rv e d  a t ro o m  te m p e ra tu re . I t  has b e e n  o b s e rv e d  th a t th e  s u s c e p t ib il i ty  a lo n g  th e  
d ire c tio n  p e rp e n d ic u la r  to  < 0 1 0 >  p la n e  is a m in im u m  so i f  susp en d ed  f re e ly , s u s c e p tib ility  
a lo n g  th is  d ire c tio n  c an  n e v e r  be  d e te rm in e d . N i S 0 4 .7 H 20  is f ix e d  on B  (F ig u re  2 a )  in  such  
a w a y  th a t < 0 1 0 >  d ire c tio n  o f  th e  c ry s ta l is p e rp e n d ic u la r  to the  c -a x is  o f  g ra p h ite  c ry s ta l 
a n d  th e  w h o le  s y s te m  is s u s p e n d e d  in  th e  m a g n e t ic  f ie ld  g r a d ie n t . T h e  m a g n e t ic  
s u s c e p t ib ili ty  Xi is  th e n  c a lc u la te d  u s in g  eq . ( 1 ) .  T o  k n o w  th e  s u s c e p t ib ili ty  in  a n o th e r  
d ire c t io n  i.e. X b  th e  c ry s ta l is su spend ed  fre e ly  i .e . w ith o u t g ra p h ite  b y  f ix in g  th e  s a m p le  at 
th e  b o t to m  o f  te f lo n  B  so th a t < 0 1 0 >  d ire c tio n  o f  the  c ry s ta l is v e r t ic a l (F ig u r e  2 b ) . T h e  
s y s te m  is th e n  su sp en d ed  in  th e  m a g n e tic  f ie ld  g ra d ie n t and  the  re q u ire d  b a la n c in g  c u rre n t  
are  o b s e rv e d  a n d  th en  a p p ly in g  the  eq . ( 1) , Xb  the m a x im u m  s u s c e p tib ility  in  th e  h o r iz o n ta l  
p la n e , is c a lc u la te d . T h e  v a lu e s  o f  X\ and  Xi d e te rm in e d  a b o v e  a lo n g  w ith  the  a v e ra g e  v a lu e  
o f  s u s c e p tib ilit ie s  g iv e n  in  re fe re n c e  [3 ] w o u ld  g iv e  Xi-
W e  thus o b ta in e d  (a t ro o m  te m p e ra tu re ) the  fo llo w in g  v a lu es  :
X\ =  1 5 .9 5  x  10“*  cgs e m u ,
Xi -  14.89 x 10-6 cgs emu,
X$ =  1 5 .1 2  x  10”6 cgs e m u ,
a n d  these v a lu e s  a re  in  g o o d  a g re e m e n t w ith  th e  va lu e s  o b ta in e d  b y  e a r lie r  w o r k e r  [ 3 ].
S o  w e  see h e re  th a t fo l lo w in g  th is  m e th o d  o f  m e a s u re m e n t, th e  c ry s ta l can  be fo rc e d  
to  re m a in  a lig n e d  w i th  th e  d ire c t io n  o f  m in im u m  s u s c e p tib ility  p a r a l le l to  th e  m a g n e tic  
f ie ld .  I t  has th u s  b e e n  p o s s ib le  to  d e te rm in e  th e  m in im u m  s u s c e p t ib il i ty  o f  th e  c ry s ta l 
d ir e c t ly  w h ic h  has n o t b e e n  p o s s ib le  so fa r .
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